Social networks provide a powerful approach for health behavior change. This article documents how social network interventions have been successfully utilized for a range of health behaviors including HIV risk practices, smoking, exercise, dieting, family planning, bullying, and mental health. We review the literature that suggests relationship between health behaviors and social network attributes demonstrate a high degree of specificity. The article then examines hypothesized social influence mechanisms including social norms, modeling, and social rewards and the factors of social identity and social rewards that can be employed to sustain social network interventions. Areas of future research avenues are highlighted, including the need to examine and analytically adjust for contamination and social diffusion, social influence versus differential affiliation, and network change. Use and integration of mhealth and face-to-face networks for promoting health behavior change are also critical research areas.
Introduction
This article seeks to (1) examine evidence from social network and social influence approaches to behavior change to improve the impact, reach, and costs of health promotion interventions; (2) present issues in measuring social networks related to health behaviors; (3) and examine specific interpersonal relationships associated with health behaviors; (4) delineates mechanisms of both negative and positive social influences on individual-level and network-level behavior change, and (5) describes behavior change approaches used in developing network interventions. Finally, it examines methodological issues in network interventions and proposed future lines of research.
Decades of research demonstrate that behavioral interventions can be change health behaviors. A major challenge is to enhance interventions' effectiveness, sustainability, and reach to those most in need. Social environments have been well documented to have major influences on the adoption of health behaviors. Classic studies in social psychology suggest that social environments can be modified or constructed to have a greater impact on behavior as compared to personality, attitudes, and other individual-level factors. 1, 2 Behaviors or lack of support by significant others can present significant barriers to behavior change, and some notable randomized clinical trials of social support and network interventions have not lead to differences in behavior change. 3, 4 To develop more effective interventions, it is important to improve our understanding of how social processes may promote behavior change. In this article, we examine evidence from social network and social influence approaches to behavior change to improve the impact, reach, and costs of health promotion interventions. We also examine specific interpersonal relationships associated with health behaviors, mechanisms of both negative and positive social influences on individual-level and network-level behavior change, and psychological approaches used in developing network interventions.
Social network interventions have been successfully used in international health programs to promote modern family planning methods and bullying reduction among adolescents. 5, 6 Social network focused interventions have been utilized for weight reduction, diabetes, smoking cessation, exercise, and improving the well-being of people with schizophrenia. [7] [8] [9] [10] [11] In the field of HIV, social network interventions have been successfully used for the past two decades to reduce HIV risk behaviors among high-risk, hard-to-reach populations, including people who inject drugs, men who have sex with men, and other sexual minorities. [12] [13] [14] [15] Usually they have been delivered face-to-face. More recently, they have incorporated social media and mhealth components. 16 Results from the growing body of randomized controlled trials of social network interventions have documented sustained behavior change for over 2 years. 17 Network interventions often utilize existing social support, social exchange, and social influence processes such as modeling and verbal persuasion. They utilize the existing network structure to diffuse behavior change. Moreover, as network members often maintain relationships, networks interventions can help to sustain behavior change. For serious illness and health conditions, members of individuals' personal network are often emotionally, economically, and socially impacted. Hence, for secondary prevention it can be helpful to involve and consider these network members in the support, care, and behavior changes processes.
Some network interventions focus on egocentric, or personal networks, which are defined as focal individuals and their social ties. For altering HIV risk behaviors, interventionists may focus on risk networks, such as their drug sharing and sexual partners. The smallest network is a dyad, which can also be the intervention focus. 9 Other network interventions focus on sociometric networks, which are sets of individuals, such as classrooms or schools and the ties among individuals in these settings. 18 Interactions on social media can be analyzed with sociometric software. 19 Often sociometric network analyses focus on network structures whereas personal network analyses tend to focus on network function.
Sociometric network interventions often identify key individuals for training based on network structures, such as those with the greatest numbers of ties or influence potential. For example, a friendship structure within a school or classroom can be diagramed as a sociometric network by mapping the friendships, in the form of lines, among students. 20 One method of fostering behavior changes through sociometric networks is using community opinion leaders (CPOLs). 21 In this approach influential individuals are identified and trained to be change agents. They can be identified through social network structure. For example, network attributes such as centrality can be derived for each network member, and those with the highest scores targeted for training. Opinion leaders may also be identified through nominations and ethnographic observations. As with other network interventions, key factors to consider are the stability and structure of the network, frequency of interaction, and the credibility of the opinion leader for the specific topic. An opinion leader who is credible about financial matters may lack credibility to promote safer sexual practices. Social network structural factors such as density (i.e., the proportion of individuals within a network who are linked to each other divided by the number of possible links) are also likely to moderate CPOLs effectiveness.
Measuring social networks
To delineate the social influence processes within social network it is critical to adequately measure network attributes. Investigators have examined the reliability of network inventories and have developed methods to improve reliability. [22] [23] [24] [25] However, a key question is validity. Do networks inventories document key health-related individuals in the social environment and their attributes? Network inventory instruments usually first ask a set of questions to elicit names of specific network members and then a set of questions regarding their attributes. Name generating questions often ask for names of sources of social support, e.g., emotional, material/financial, informational. Examples of name generating items are "Who are the people that you talk to about personal topics?" and "Who are the people you have had sex with?" Name generators may distinguish perceived availability from enacted support (support actually received). Name generators may also delineate networks based on behavioral interactions, shared venue attendance (e.g., school or drinking establishment), role relationships (friends, coworkers, family) or affect (respect, like). In health domains, name generators may include specific health behaviors (e.g., smokes or drinks alcohol, or exercise) or encourages or discourages such behaviors. Once the list of names is generated, a set of attribute questions is asked about each network member. Attributional questions may include demographics, frequency of contact, duration of relationship, residential propinquity, role relation, health behaviors, perceived reciprocity of support, communication or support regarding health behaviors, as well as evaluative aspects of the relationship, e.g., satisfaction and trust. Name generators and relationships are not mutually exclusive questions. To understand alcohol use within the network, name generators and/ or attributional questions can be employed.
For a study on drug-related behavior, in delineating the drug network, it can be useful to use a name generator for listing which network members use drugs but then attributional questions about who uses with the respondent and the type, frequency, and mode of drug administration. From these questions, one can derive, for example, the number of daily heroin injectors in a network. Table 1 presents a small sample from the universe of categorizations of network members. To examine sources of HIV transmission risk, the number of drug injectors who are also sex contacts can be identified. The infinite number of groupings, it highlights the importance in theory and health issues to determine which name generators and attributional questions are include in a network inventory.
Network inventories should be adapted for the study population, context, and the health topic. Formative qualitative research, empirical findings, and hypothesized associations help to delimit the name generating and attribute questions for a given study. As psychometric properties such as Cronbach's alpha are not usually derived from network inventories other measures of reliability (test-retest) and validity (concurrent, discriminative, and predictive) are well suited for assessing network instruments.
Another key question in developing a network intervention, and hence should be assess, is the stability and frequency of interactions within the network. If a network has high turnover it is unlikely that any network member will have adequate opportunity to promote effectively the target behavior. Similarly, if there is infrequent contact with network members there will be few opportunities to model and reinforce the behavior. In the analyses of personal network data, one can model turnover in and turnover out, which is the number of new individuals who enter the network and those who leave, and to identify factors associated with network turnover. 26 To help address recall bias and the potential of forgetting important network members, at a subsequent assessment, after the network inventory is administered, the interviewer can show participants their prior network inventory and inquire about their relationship status with previously listed network members.
Personal networks can be linked together to form larger sociometric networks. Some study designs emphasize collecting of sociometric data with clear boundaries to ensure sampling of linked individuals, such as a classroom or by using a sampling strategy, which insures linkages between respondents. With sociometric analyses, a range of network structural characteristics can be calculated, such as centrality, or microstructural features such as cliques. The National Longitudinal Study of Adolescent Health (Add Health) is an example of a survey that was designed to ensure that a subset of the sample formed a sociometric network to allow for network analyses of social influence. 27, 28
Network specificity
One major issue to improve network approaches to behavior change is identifying network members that have particular influence on a behavior of interest and thus would be most appropriate to train. In observational analyses of social networks, it is apparent that specific network members' attributes are associated with specific health behaviors. A study by Davey and colleagues 29 found that the size of drug use network per say was not associated with subsequent entry into drug abuse treatment; however, other network characteristics did predict drug treatment entry. Having a greater number of network members who were currently in drug treatment predicted entry, the number of current cocaine users was negatively associated with treatment entry, and the number of heroin users in the network had no association with drug treatment entry. One interpretation of this finding is that since there are not effective pharmacological treatments for cocaine addiction, those network members who use cocaine would not find treatment effective and hence less likely to encourage others to seek drug treatment.
The relationship between network factors and health outcomes may also differ by gender. Knowlton and colleagues found that for HIV seropositive men, having a female partner and reciprocity of social support were positively associated with adherence to HIV medications. 30 Interpersonal conflict, or negative support, was associated with nonadherence. For women, however, the presence of emotional support from a sexual partner in the social network was negatively associated with medication adherence. 31 These findings suggest that there are specific network factors linked to positive and negative health outcomes and that these factors may differ by factors such as gender. Socioeconomic status may also moderate the link to the relationship between social network factors on health.
However, knowing associations from observational studies does not always provide information on the best relationships to target for interventions. For example, with medication adherence is it better to target friends, current sexual partners, or certain family members? It is likely that factors to consider in choosing network members may include the health condition, target behavior, social and economic status, gender and other social roles, as well as resources and support functions and frequency of interaction with social network members. In order to target network members for intervention, network inventories need to collect the most relevant information within the minimal amount of time.
Social support
In the fields of psychology and mental health, social support has been viewed as one of the major social influences on health behaviors. Social networks can be conceptualized as the specific sources of social support. The exchange of social support is the major basis of developing and maintaining social relationships. Although social support has been typically found to benefit health, interventions to enhance social support for promoting health outcomes have not always shown consistent positive effects on health outcomes. The specificity of social relationships that can be delineated by social network analyses can help to provide a more nuanced analysis of social support and may help to explain seemingly contradictory findings.
There has been a consensus in the literature of five major types of social support: emotional, financial or material, informational, instrumental, and socialization. 32 Emotional support, conceptualized as imparting a sense of belonging, esteem or being valued, has been emphasized in the literature. Networks can be conceptualized as sources and pathways of tangible and intangible support. For marginalized populations, who have limited individuallevel resources, support network members are important sources of basic resources, such as food or housing, and information on where to obtain such resources. Emotional support has been frequently found to have a main effect on depressive symptoms, but in low resourced communities, material support, as compared to emotional support, may be more strongly associated with psychological well-being. 33 Social support may also include informational support of communications about health issues, including perceived risk and coping assistance, as well as modeling of how to address effectively health issues.
Support provided by network members may not always fit the need. Support provision may also have unintended consequences. Instrumental support can reduce individuals' selfefficacy. Support may also perceived as over-involvement, mismatched, ambiguous, and incurring indebtedness Helping may lead to perceived indebtedness or resentment and may impede individuals' acceptance of support offered and its potential health effects. 34 Support need, such as caregiving, may also conflict with gender or familial roles, and conflict or negative support has been consistently found to be associated with negative outcomes. From social network analyses, it is possible to ascertain if individuals who provide material and emotional support are also the source of conflict as well as the level of reciprocity among network members. The same network members who provide material support and are sources of conflict may simultaneously impede and aid certain health outcomes.
The literature on informal caregiving has examined attributes of network relationships that may impede and foster the provision of social support. One notable factor is reciprocity. 35 Yet many social support interventions do not include strategies to facilitate reciprocity, rather they focus solely on providing support to individuals identified with certain health conditions. The support may lead to conflict and greater stress in the relationship due to recipient and supporter both trying to assert control over the same health behaviors. It is also possible that for some health behaviors perceived social support is important, whereas for other health-related behaviors, such as medical adherence, enacted support is more important.
Interventions may change enacted support without changing perceived support or change perceived support without changing enacted support. Moreover, support from weak ties may enhance well-being, but they may not sustain behavior change. 36 In designing network interventions that focus on maintaining and enhancing social support, it is necessary to: 1) determine the relative importance of perceived versus enacted support and strong versus weak ties; 2) ensure that the support provided does not undermine self-efficacy, autonomy, and control; provide avenues for reciprocity; and 3) develop support strategies that do not lead to interpersonal conflict or other unintended negative consequences. One of the advantages of many measures of social support is that they are relatively brief, but they do not usually indicate who provides what type of support and the potentially problematic aspect of the support provided.
Network intervention behavior change mechanisms
There are a range of mechanisms that can be employed in social network interventions to foster behaviors change. Network members can reward or punish others for engaging in the behavior. Based on social cognitive theory, network members can model behaviors, which may increase self-efficacy and response efficacy. Observational studies have found that social norms are clustered within social networks and that these norms influence health and academic behaviors. 37, 38 Social networks intervention can be developed to promote social norms. 37, 39 Network members can influence social norms by engaging in (descriptive norms) or endorsing a behavior (injunctive norms). Network members may also change communication norms so that it becomes more socially acceptable to talk about certain health related topics such as safer sex or cancer screening and prevention. Network members who are trained to discuss the importance of prostate and breast examinations may change the acceptability of communication norms. Talking about and modeling health behaviors can make social norms for engaging and endorsing these behaviors more salient, appear to be more prevalent and acceptable in the network, and hence influence behaviors. A peer educator who talks to friends about cancer screening may alter social norms to not only make the topic socially acceptable, but it may also increase the perception that cancer screening is normative as well as serve as a cue to act and heighten the perceived risk of cancer. Once a network incorporates a certain behavior it can become part of the group's social identity and hence the group will work to maintain the behavior to keep its identity. Networks members who promote certain health behaviors can also help to define a situation. For example, a network member may comment that eating a certain food is unhealthy where previously the behavior was not viewed from the perspective of health.
Communication skills training
One of the major approaches to promoting behavior change within social networks is by network members talking about and encouraging certain health behaviors. Trainings in communication skills are necessary to initiate and maintain conversations about health behaviors. There is also the necessity of training individuals in communication skills to reward verbally others who engage in the behavior, present information or model behaviors that are credible, and discuss health behaviors in a manner that does not elicit reactance or impugn self-efficacy.
Telling network members that smoking is bad for their health may not be the best approach for a peer educator to initiate a conversation. Such a statement may be perceived as judgmental and not lead to additional conversations about smoking. One of the goals of such conversations is to heighten social norms. A discussion of the need to reduce second hand smoke exposure to children may heighten norms regarding children's well-being.
The effectiveness of communications to change health behaviors has been linked to dose. 40 The simple statement about a behavior being unhealthy may not lead to increased conversations about the behavior. Good health communications materials are not only memorable, but they are also sufficiently interesting to become a topic of future conversations-and gossip. For encouraging others to quit smoking, communication skills that emphasize what the speakers have found to work for them as well as the difficulties they encountered may meet with less resistance than preaching about the ills of smoking.
Social roles, self-concept, and motivations
For network interventions to be successful, individuals must be motivating to continue to encourage behavior change among their network members. This necessitates that the methods employed to change network member's behaviors are rewarding. Promoting the health behaviors of network members can be self-rewarding as they may enhance selfconcept, provide meaningful social roles, as well as garner positive feedback from network members. The role of health or peer educator may give social status, an individual identity, and a social identity of belonging to a valued group. Promoting behavior change among network members may also enhance important social relationships. Investigators who develop social diffusion interventions must create social roles that are culturally consistent and plausible. These roles need to be constructed so that they garner rewards and positive feedback from social network members. Some of the constructed roles include expert, friend, health educator, outreach worker, and sponsor.
In impoverished communities with low employment and marriage rates, the role of peer health educator may help to fill the lack of prosocial roles. Social roles also provide guidance and legitimacy for engaging in new behaviors. For example, the role of health educator may also legitimize talking to network members about topics such as screening for prostate and breast cancer or condom use and HIV testing. Outside of these roles, such conversations may not be socially acceptable.
Promoting a health behavior can make the role of health educator a key aspect of identity or self-concept. For peer educators, engaging in healthy behaviors may help to bolster their identity and unhealthy behaviors may be seen as a threat to the identity. Although some network members may reinforce health promotion roles, others may challenge these roles and question the motivations behind them. A high school student who tries to dissuade peers from alcohol consumption may be ridiculed. Consequently, in designing social roles it is important to provide support, test them in realistic situations, develop rebuttal skill sets, and methods to reframe negative feedback. Self-statements such as "they weren't ready to hear what I'm saying" or "I'm trying to make the community a better place and if I can help one person it is worth it" can buffer negative feedback.
In training drug users to be peer educators for HIV prevention, we have utilized role plays to address potential negative feedback, which questions their role as peer health educators. For example, we may role-play a scenario challenging their role with the statement "Who do you think you are, a junkie, telling me what to do?" Potential responses may include "I have messed up in the past, but now I'm trying to do things to make our neighborhood better." Alternatively, "We can all do things to help others." Social support provided in small group training sessions from other peer educators and the modeling of successful problem-solving may be helpful to maintain the identity of and motivation for peer education.
One of the impacts of these social roles is that they can lead to substantial behavior change in those individuals who inhabit the roles. It is well established from research on cognitive dissonance, self-perception theory, and active learning that individuals in the roles of promoting behavior change are more likely to change their behaviors as compared to those who do not engage in such roles. [41] [42] [43] In the role of peer educator, an emphasis on the importance of modeling as well as engaging in the health behavior in order to be a credible and respected peer educator may also facilitate health behavior change. In our research on peer education for HIV prevention, we have found that the peer educators change their risk behaviors more than their risk network members, but the risk network members in the experimental condition change more than do the network members in the control condition. 12 
Social influence versus differential affiliation
In utilizing social network approaches to promote health behaviors it is important not to overestimate their impact. Although there is strong theoretical and empirical support for social influences for behavior change, there is also strong evidence of reverse causation; that is, differential affiliation with individuals with similar attributes interacting, liking each other, and maintaining their relationships. There has been lively debate on whether the findings of similar behaviors among network members are due to social influence, differential affiliation, or both. 44 However, the research on observational studies on social influence and differential affiliation do not necessitate that the study results are ample guidance for social network interventions that purposefully try to change behaviors through social influence processes. It is certainly plausible that individuals who consume hazardous amounts of alcohol affiliate with other heavy drinkers. 45 Nevertheless, it is also plausible that other current or former heavy drinkers may be able to influence each other's drinking patters.
Social media networks and mobile technology to promote health (mhealth)
Although network interventions have often been in small group formats, social media has been successfully used for online self-help groups to promote smoking cessation and other health behaviors. 46 One of the distinct values of online groups is the ease of accessibility for many individuals. For researchers, online groups provide readily available data to examine how network structure and role function may facilitate integration within the online community and support behavior change. Electronic communications can bolster norms, model behavior, provide social support and cues for behavior change, and serve as an avenue for feedback to address barrier to behavior change. Yet overuse of social media has been found to be associated with social isolation and poor psychological well-being. As with face-to-face social interactions, it is important to match the specificity of support and mechanism of social influence with the targeted behavior. In studying and utilizing social media, it is useful to differentiate primary and close relationships from weaker ties. Online support networks are often comprised of the latter, who may be similar in terms of health conditions, but such networks may have high turnover. These networks can provide empathetic understanding, validation, and role models but are less likely to provide instrumental social support.
Social diffusion in network interventions
One of the primary tenants of network interventions is that information, attitudes, and behavior change through social diffusion. Network structure and composition may influence the speed and effectives of social diffusion. To study diffusion it is useful to assess networks longitudinally. Online social networks provide an optimal medium to study social diffusion. It may be also useful to test different approaches to enhance diffusion, such as training several network members who reinforce each other's messages as well as recruit the network members of network members as peer educators.
In developing social network interventions, certain methodological issues may lead to over or underestimating the impact of diffusion. It has been argued that the Framingham study social network analyses may overestimate the social influence that network members may have on each other. However, in randomized clinical trials of social network interventions the impact of interventions may be underestimated. 44, 47 Social diffusion can also be viewed as contamination or interference if diffusion occurs from an experimental network into a control group network. 48 The ideal public health campaign would lead to complete social diffusion and behavior change among network members, yet such an intervention can also lead to complete contamination between the experimental and control networks and hence the inability to detect differences between the networks. This phenomenon suggests that it can be important to understand the structure and stability of social networks before and during social diffusion interventions. Tracking the interactions between control and experimental participants may be necessary to document diffusion. However, this documentation may be difficult as diffusion may spread out from the experimental participants to individuals who are not in the intervention and then spread back to those in the control condition.
Future research
In the past, delineating sociometric networks has been labor intensive, yet methods that use electronic communications and social media such as downloading and linking cell phone and Facebook contacts allow for the greater ease of using sociometric data. There is a dearth of literature of how sociometric networks change overtime and how this change may influence health behaviors. The dearth of research on network change also hold for the literature on personal networks. Moreover, little is known about how networks change after individuals change their health behaviors. Most interventions encourage individuals to work with their existing networks. Few network interventions counsel participants to break social ties or to find new ties. Future research should examine how ties change after behaviors change and the relative merit of changing ties versus improving existing relationships. Moreover, although there are some observational and longitudinal sociometric studies that document the link between social network factors and behavior change, these findings may not tell us how to best design network interventions for maximum diffusion, sustainability, and behavior change. Consequently, we need both more network interventions as well as mediation analyses to obtain a greater understanding of the dynamics of network interventions, Several investigators have questioned the validity of the analyses of the Framingham study and subsequent conclusions regarding the power of social networks to foster behavior change. 44, 47 In studying social network influences on health behaviors it is critical to ensure that analytic approaches take into consideration the dependencies in the data structure. Failure to do so can lead to underestimations of confidence intervals and over-estimations of statistical significance.
There are also key methodological issues that need additional research. Social diffusion may produce contamination in randomized clinical trials leading to underestimating intervention effects. Understanding how to account for this source of error may provide us with a more accurate assessment of behavioral interventions. Information on network structure and stability may be useful to model and control contamination due to social diffusion. 49 Social network interventions have demonstrated their ability to effectively change health behaviors, yet even the same types of network interventions with similar populations have led to different results. These differences in reported outcomes may be due in part to the match among key outcomes variables, mechanism of behavior change, and the role and function of specific network members. Network structural factors are likely to moderate the impact of diffusion interventions. As we become inundated with social media and electronic communications the influence of both types, formats, and sources of informational and emotional support are likely to change. Face-to-face versus social media and other mhealth interventions should not simply be compared on their power to change behavior, cost, reach, and sustainability. A key question is how do we best combine these modalities based on the population, health conditions, and social context? We also must not develop interventions that are quickly obsolete due to quickly changing social media. Finally, we should also not forget the critical role of networks in providing material resources. An electronic reminder for a medical care appointment may not be helpful without transportation, and without adequate food and housing, such an appointment may become a very low priority.
